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1  STATEMENT OF REQUIREMENTS

]

S
-

The photographic detecting capabilities of the film transport system

must meet the following essential requirements:

st

1. Film Velocity

a. Film velocity in the transverse direction must

- e e g — e

be synchronized with the scanner image velocity

to within £ 0.0045 in/sec.

]

]

}. b. The allowable displacement of the film from the
image in the image motion cq@pensation (IME)..direction ' .

} must be within 0.004.15.

E 2. The focal plane on tﬁe film must not deﬁ#ate more than

+ 0.0005' from the true position.
- 3. The pho;bgraphic integrity of fhe film must be preserved.

To insure that the above requirements are met, a film transport system

i "-_' ]

must not degrade the performance of the optical system or the stabilization

=
-

system by introducing extraneous and deleterious disturbances.
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11 SUMMARY OF ACTIVITIES

A. FILM SKEWING

Investigation of different film trénsport schemes revealed that
the capability to turn film througH a skewed éngle had to be developed.
When film moves over a roller at an angle other than 90° with the
roller axis of rotation, friction will cause the film to climb along

the r011e¥‘i; a direction parallel to the axis of rotation. Methods
considered to eliminate or compensate for this,fficlion incldde@:

a) A:beaded rollef |

b) A sectored roller

c) Pneumatic bars.

Observations and tests were conducted &hich ihdicated that
pneumatic bars might be suitable. A program to establiéh the.validity

of this choice was conducted. (See Appendix A for the results of this

program.)

= B. EDGE SENSING

Investigations of régistration problems were also conducted.
Sensing of film for side registration is common.to all schemes. No
scheme should permit physical contact between thé edge of the film
and the film guiding elements. Among the methods considered were
several optical, pneumatic and electrical methods.

The electrical approach in which the film is used as the di-
electric in the capacitors of a capacitance bridge is the one under

current development. Preliminary results are very encouraging.

C. FILM GUIDING

Side guidance of film was investigated and two possible modes

were established. The first is angulaf change of the longitudinal

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2
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axis of a pneumatic bar. This will produce a change of direction
"in film travel which is at an angle with the original direction of
travel. Second is an assembly of two parallel elements (pneuﬁatic
bars) rotated about an axis perpendicular to the plane of the film.
This will produce a changé of direction in film travel thch is

parallel to the original direction. Further consideration is re-

quired to select one of the methodsor—possibly-bothi— - - - e

D. COAXIAL SPOOLS

-Displacement of film_from one locétion to anotﬁe; repreSented_
a severe shift inAthe.system‘cgnter of gr;vity and a pféhibi;ng
 disturbance to the staﬁiiizatibn system. Investiggtionvof different
arrangements of film spools which would produce minimum center-of-
gfavity‘shift resulted in éelection of a systemAwhich would have
no effective shift in the center of gravity due to film relocation.
This arrangement must have the supply and take up spools mounted

coaxially and coplaner, thus preserving the center of gravity of an

integral cassette. A breadboard model of a coaxial cassette was
tested and observations indicated that the system is acceptable when

used with a suitable skew_turn.

E. IMAGE MOTION COMPENSATION (IMC)

A breadboard model employing two sets of parallel pneumatic
" elements. was tested for IMC and- it was determined that velocity
change introduced into the film path would be troublesome. An
alternate method also employing pneumatic bars and a compensating

a

carriage whicﬁ does not affect the film velocity has been designed.

. Page 3
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F. GENERAL DISCUSSION OF SYSTEMS

A system breadboard employing pneumatic bars in all areas
except meteriné has been assembled. Another system breadboard
combining mechanical and pneumatic principles hes been designed,

e and fabrication is in progress.

L. Pneumatic System (Figures 1 and 2)

Film was threaded from a supply spool through a- pneumatic
- tension control device servoed to the supply spool over two
steering pneumatic bars placed 108 inches apart through another
pneumatic tension control device servoed to the take-up spool
and finally into the take-up spool. A tension level was appliec
to the system through a linear potentiometer and the system
transported film without incident at the rate of approximatelyv
50 inches/sec. |
~ Tests which will include metering and- guiding rollers with-
out IMC will continue. Final observations will be made with all
elements included, ite. tension controls, metering,:IMC, and
steering and skew turns. ‘

Observations from the pneumatic bar tests. plus observation
of the simple pneumatic system described above indicgte that with
proper alignment of the mechanical rollers and metering capstans
in the IMC shuttie, a pneumatic system with accurate uncoerced

control of film is possible.

2. Mechanical System (Figure 3)

The proposed film transport will include:
a. three tension control sections

b. a coaxial cassette employing skewed pneumatic bars

" Approved For Release 2004/12/22 : CIA-RD‘P89BOO739R000900010001-%!ige 4
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c. four film steering arrangements with assoclated
capacitor bridge sensors,

d. twd IMC shuttles and compensating carriage
arrangements emplo&ing pneumatic bars,

e. two metering devices mounted in the IMC shuttles,

f. two slit controls;

R i U GRS NS S

g. two capping shutters,

The film will pass through the camera as follows. Film
will leave the coaxial cassette passing over a skewed pneumatic

bar and will.be oriented: by

-a sﬁeeripg arrangémenﬁ into éitension
Cont;ol iodé;Q:Thé'bignhljgene}ACed b& a trahsducér on ghe con-
ttol-loop-wiliucontrol thé supply spool rotation. The film will
then leave the tension coﬁtfol device and procéed towafd_the
forward slit. The side position of the film is again sensed and
the film is steered into the slit configurat}on_in correct attitude.
When the film leaves the forward slit configuration it proceeds
to a second tensio;.control loop which is also used ;o maintain
the correct length of film between slits. Before the, film enters
the rear slit configuration it is again steered to the correct
attitude. After the film leaves the rear slit configuration it
is transported to a third tension control loop from which a
generated signal is employed to control the.take-up>spool. The
film is then steered to the correct entrance attitude over a
skewed pneumatic bar and iﬁto the take-up spool. (See Appendix B

for an aqalysis of film velocity control.)

Page 5
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While the £1lm is pessing through the slit configuration
it wvill experience IMC. The IMC motion is sinusoidsl in character -
with a totel excursion of 1.38 inches. Anguler relstion between IMC .
motion and scenner axis of rotation must be mhtubatned within + 40 seconds.
To facilitate assembly, _mspecﬁm, .test and maintenance, mirror surfaces
have been incorporsted into camponsnt subassemblies.

_An alternate method for IMC with a much reduced totel excursion . -

has been proposed and preliminsry analysis suggests concurrance with

the proposal  Benefits derived fram the smaller excursion prompt further

investigation. = _
' The mller motioh :,éifeé tﬁe followlxg advantages:
| a. Smaller unbalance f.p be compensated.
b. Gmaller cam. ‘ |
¢. lLarger tolerances in INC directiom.
d. Possibility of eliminating the»cqnpensﬁtins carriage.
e. Smell source of disturbamce to optical elements.

f. Nusk of mitigation. <

Page 6
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III CONCLUSION

Analyses suppérted by tests and observations are sufficiently encouraging
to prompt further ‘activity which, it is estimated, will produce a system that
’ adequately meets the requirements. However, institution of reasonable designs,
‘fabrications and availability of hardware components will establish a high.
‘confidence figure as applied to the estimate of a suc;essful film transport
system. |
The planned program for future activities is as foliows:
a. Continue pneumatic bar tests to a conclusive design. (Appeﬁdix A)‘
b. Conduct a complete system test with pneumatic breadboard.
c. Tontinue fabricatioﬁ of the back-up mechanical system. -
This will depend on the pneumatic system. 'Mani features,
i.e. coaxial spbols, metering edge, sensiﬁg étc.f are
common to both systems.
d.  Cont1nue magnetic tape simulation. (Apéendix B) ..
N e. Initiate simulated tests_in other aregs; : —
S _ant;nug.aﬁd exp;nd contfoi efforts of reaction fqrce;.

é. Continue and expand weight control efforts..

'h. Continue and expand vibration mitigation efforts.

wofh
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" FIGURE 2. IMC CARRIAGE - FILM TRANSPORT ASSEMBLY, °
A : PNEUMATIC BARS
! .
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APPENDIX A

"}

PNEUMATIC SUPPORT IN FILM TRANSPORT SYSTEM

1
b
}
? The characteristics of a film transport system using pneumatic
o
x .
guides instead of rollers, are particularly advantageous when cer-
ki
¢ tain of the system requirements are considered:

1. The film is protected from the abrasion damage which

e |

can result from contact with supporting and guiding

[PV, VIV,

} members.

2. The film is free to.move without being coupled to

[SETPY )

rotating rollers haﬁing inertia, friction, eccentricity
and bearing problems.
3. The pneumatic guides provide effective filter elements

of compiiance and damping. Control of film metering

for proper synchronization can be achieved more

readily because of the isolating effect of the

e

pneumatic cushions. With the use of rollers, velocity

Vo

disturbances are more completely transmitted through-

i

out the transport system, through the film.

Hionos ssind

4. The film is not constrained to a strictly circular
path in makiqg a bend; under certain conditions it
will follow a skew curve without unbalancing the
uniform lateral distribution of tension strees necessary
for control of transport. This extra degree of freedom
allows the film web to travel in three-dimensional
space, and to be guided with the proper image motion

s _compensation (IMC) component, through the focal plane.

Page Al
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2 To satisfy the last of the foregoing considerations, skewing

5 of the film is necessary. In principle this can be accomplished by

% d;e of a compound roller, containing elemgnts on the surface which

; allow an axial component of film motion during rotation. Experi-

g mental work has shown that the compound roller must be bulky; further-
7 more, it marks the film wherever contact is made. As a solution to

z

i

these problems, and to take advantage of the other benefits, a

octsed

thorough going study of the feasibility of a pneumatic film support

system has been undertaken.

[ T

The method of pneumatic guidance involves the ?adiaf Suppqrt
of the film at all points where the film is curved. The curved film,
in the area of supp&rt, is fiéid and straight in the transverse direc-
tion, as it is not easily stretched. In this présenta;ion, the curved
surface 18 considered approximately cylindrical (all straight-line
elements parallel within a turn). The pnguﬁatic member‘(Figure AD) con-
sists of a transverse bar with a convex porous surface opposed to the

film at the bend, and containing a plenum chamber connected to a gas

i

supply. The porous wall assures a distributed flow into the gap be-

Sivmd  Hosusd by Btomm P

tween the outer surface and the film, because of a substantial pressure
drop through the material in all areas. It can be seen that the design
must provide uniform lift, in opposition to~the force due to tension
(and in the presence of variations of tension). Equiliﬁrium ié main-

tained by controlling the radius of curvature around the film bend,

Exe  egom Reed

compatible with gap pressures and forces due to tension. A pressure

gradient exists within the gap because of localized exhausting of

gas flow at the ﬁoints of tangency to the bend.

b s

Bekiom

q - j : » Pége A2
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A simplified theoretical analysis of the pneumatic bar design
approach follows. Further investigations have been conducted on
theoretical aspects of the problem relating to transverse deforma-
tions, or end effects. No difficulties are anticipated for applica-

tion of this approach to the system design.

Two Dimensional Theory

In the discussion of the general case, it is assumed that the

£11m has unit width. The theory starts with three basic equationms:

L A= TR
A film under tension 7 with a pressure / exerted on one
side will bend until the local radius of curvature A~ satisfies equa-

tion (1). This equation expresses the static equilibrium of forces

acting on the film,

L7 _ S2 ke &
@ ox z>

A volume flow rate Q , in a direction -, of a gas with

viscosity ¢ flowing in a region bounded by parallel walls spaced a
L~

distance 7 apart will suffer a pressure gradient given by -

equation (2).

(3) 5—3— =/€ //%"/D) |

The flow of gas per unit area through a porous material is propor-
tional to the pressure differences, /?5 —'P, across the wall. The

constant of proportionality, k , is called the porosity of the wall.

Equation (3) has been experimentally verified for the walls used.

Page A3
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e 1T

The assumptions inherent in these equations are:

—~
3 .

i 1. The fluid flow is incompressible,.

b 2. The Reynolds number for the flow is sufficiently small
3 |

to neglect inertial effects.

tatvesdll

Both assumptions will be justified later in this report.

Consider now the system shown in.Figure Al, with the film separated

sl

from the porous wall by a constant distance Z . If 2__)_)_:';_,”;1'1;

flow Q'x may be considered to be between parallel walls and equation
(2) can be substituted into (3) to obtain; |

2P jzek /,z: - )

< %z z Z

The flow at X= r’/YO exists into the ambient atmosphere which is

4)

at gauge pressure zero.
&) Px, =

The sAystem is symmetrical around X = so that:

2| .
X x |x,

These two boundry conditions, (5) and (6), allow the solution of

i

(6) = O : :

(4) to be written as:

| x
B Sy ). Cosh w
(1 < Cosh w0

where a)z = /Z/“’é
ol
If the film is supported only by the pressure,'/D%, "its shape must

satisfy equation (1) which now becomes:

-

v A

6'05/5 o X
/o o5 @

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2 :
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b o

But if Z‘ is constant, the shape of the film also determines

Prosee

the required shape of the porous wall, and equations (1), (2) and

(3) become self consistant, if the wall is of this specified shape.

e

The power, l/[/, required to suppbrt the film is the product of

RS ]

the supply pressure, @ , and the total volume flow, an 7> Q__ Kot

) W ,:6234074@-7}0]75 =25 &x,

g Y m e e —

ol

Clearly, the power would be minimized if/?s were small (indeed, "' 

zero) but then the film could not be supported.

If/?a is the radius of“curvat;ure of the film at the apex of Fhe

wall, then it is found from (8) that:

(10) /= 2|, _ 2 3
/?0 s |/ CoSHh WX,

since for any N

W e s R,

@ must be large enough to accomodate the greatest film tension,

i

which will occur. Assuming that ordinarily:

L. -

12) 7= 7. =
D 72 Zrransz  sotae B =g

then /o) z’ satisfied the requirement.

(13) cos4 o, =2
(138 e e, = /32

or

760 is related to /?0 through equations (1) and (8) and by the re-

quired total angle through which the film bends.

Let Q'x be the angle made by the local normal to the film at x

with the center line, é . Thus in Figure Al,e)‘o :ZzQﬂ? By

definition of the radius of curvature, /’77?‘ :

o— "

Approved For Release 2004/12/22 : CIA-RDP89BOO739R000900010001-2
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=4

1) e = Fo — &
| 2
aw &, = [Tz

o Az

- gosie ) x =
( C’“S/ﬁ?deza) ~

and in particula-fé i

D Bx,| . Lnh %o

w0 S, Z0

" 7 R

which for 67( = 7r and &()¢0: 432 gives
, o 7o :

Nz, = 2284 .

Equation (15) is also useful in determining the shape of the film

in rectangular coordinates.
The remaining parameters for best operation can now be optimized

with respect to the following two par&meters:

a8 7= -z‘/,é

and

(19) /é: _Qf__x”

The first parameter is simply the film separation in dimensionless form
and the second parameter is the velocity of the supporting gas as it
leaves the confined area.

From equations (9), (10) and (12):°

(20)  —-_:.- -4 I/g;

By substituting (7) imto (3), integrating and substituting (13) and (17):

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2
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. — Ve
}2 //'52)2,5/74//32) = /5 e .

=

o
For helium at /Zﬁ_;and .//5 atmosphere,

(22) _ee = ©. 207 #7:200 por s =4/X/&-7§/C4f/f'f— == .

2
and for air at 7//;nd / atmosphere, .

23 e =0 /85 it porse = 3. 74,0 75/aj/r‘z’/ - 5«%’
In both cases_<< is independent of p'resslure."
For <t =Ly /0 'Z//gy/,é‘-xc equation (21) becomes:
P é/;az'é e
when Iéf {s {n #/}cfémd 7 is in> /és/,dg s

The Reynolds number at 7 is:

a5 B.=L2LT LU F 5

L P 2

where P is the gas density. =

For heliwm and 4, < O./ #%.,
a8 (2 \<240\/eg and air 5, § O/ 4,
(27)@\<é50\/a?- '
For laminar flow it is required that

(28) ) < 500 so that 1if

(29) ‘/d; < Z for helium, and

(30) 1/5';_ < © 7 for air,

_ Page A7
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then the flow will be laminar.

For compfessible flow it is sufficient that

6y by << Vs

where lé is the velocity of sound propigation and

32y 2, << e I

the absolute ambient pressure.

Since/p_ ? g this gives a minimum ‘bound on the radius ,?

For /= é/d,/yandf /ambient pressure'

(33)/5 Py 5_"/—/.;;9 = .é084 A = O/ 7CA .

Because of the linearity associated with viscous flow, the movement
of the film over the air cushion will not greatly effect the performance

indicated by these equations as long as:
o Vg 3 Ve, =
where l{p is the maximum film velocity,

Parameter Optimization

To optimize the system parameters and justify the ‘assumptions, equa-.
tions (20), (24), (29), (31), and (34) may be plotted 'with coordinates.
andf

It is assumed that a seven-inch wide film moves /g#/&under a

tension of 3.5pounds. The gas 1s helium at —é’ ‘atmosphere and /,250;

. : i f’age A8
s Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2
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The power required should be less than

thus

(35) 1’*7{ < :—39?7 = Loo /s,

which with (20) becomes
(36) l/a; < 2 26., S
Equation (24) becomes

an Yo _ Jo0¢
;2

In addition to this the manufacturing tolerance on the porous wall
manufacture should not be greater than the distance f . Thus for

'pp/f{olerance 42; must be greater than /Q-qur /?o = Q\S’.//

An exsmination of Figure A2 shows that reasonable parameters are:

(38) ; =L S5 N0 i

il

and

60 W = 207 e,

-Under these conditions:
7= o fs = 35 LY st
Wz /20AE- 15 ey = /T oS

(B2 < 25 (viscous ASow)

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2
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Y = oz3757

z= ooz’
A2 = /33/05,‘

A= Ze7pss

2&,,,= 0033.757‘3/5(35 = 'QZO#%?/)”

—

_ 3 = 2 ‘
/é- 0.0/ 7*”)*%;,/;2 -4 =3C //7//7/‘/2-/'/22—,054'

Note that equation (32) is satisfied and that the flow is very nearly

incompressible.

Experimental Work

The parameters for an appropriate optimum system were seiected
according to theory, using a minimum permissable radius of curvature for
the film bend ?9:5—3 //. The contour for the pneumatic'bar was computed,
and a forming mandrel was shaped accordingly. Several pneumatit bars were
fabricated using thin sintered nickel and nickel-stainless sheet materials.

The mdterials immediately available had insufficient porosity, were ex-

tremely soft (and thus hard to handle), and had a wavy surface. These

Approved For Release 2004/1 2/22.: CIA-RDP89B00739R000900010001-2
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bars were improved by drilling many small holes to increase the air
flow; the results were favorable to the extent that the use of sinteréd
materials was tempora;ily dropped in favor of drilled sheet metal for
experimental work.

A number of sheet brass and beryllium'copper pneumatic bars were

formed and drilled (Figure A3), and were tested both statically and

"dynamically for ability to support film on an air cushion:™

The static tests furnishéd qua?titative data to determipe corres-~
pondence with theory, over. a range of film tensions gﬁd air pressures,
(Figures A4, A5 and A6). Readings were taken ofAflow, and air cushion
thickness over the entire area, using a microséope and t:anspafent (fixed-
out) film. (Figure A7 shows the static-film test apparatus, with an
eafly experimenfal circular pneumatic bar in pésition.) The measurements
were quife crude, owing to irregularities amounting to several
thousandths of an inch in the surface contour of the handmade bars.

The correspondance with theory, however, is close enough to permit very
favorable conclusions as :to expected performance from properly fabricated
units.

The dynamic tests were undertaken to demonstrate stable and re-
liable performance using several of the experimental pneumatic supports
with film transported continuously at normal speéds. (Figures A8
shows the dynamic test apparatus in use.) Many thousands: of feet
of film were passed skew-wise over the support without contact, using
180 degrees of wrap and a 90 degree lateral change of direction. The
support was coa;ed with a thin film of oil color to permit detection
of contact. Wiéh reasonable care in alignment fhe moving film remained

entirely air-supported at supply pressures as low as 3.5 pounds gage.

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2 p AL
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s

From an examination of the quantitative experimental data obtained

Py

under static film conditions, it is predicted that, with reasonable con-
trol of manufacturing tolerances for contour and straightness, the
operating parameters of gap thickness, porosity, tension and pressure

5

can be optimized for performance in close agreement with theory.

At the present time, the prototype phase of pneumatic film support

development is beginning ;ith immediate emphasis on fabrication of a
number of units according to speci'fications. Within a short time it will'
be possible to predict total power requir;ments with accuracy. There is
high prdbability that almost uﬁiversal use ‘can be made of pneumafic
support in the transport system with reasonable ( ~~ 100 watts) power
consumpti;m. In the event of 'excessive ‘power Aemnd, the ﬁse will be
somewhat restricted, but with certain applicaﬁility for t.he cases c;f

skew-bending.

]
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, - FIGURE A8.. DYNAMIC TEST, PNEUMATIC BAR |

3 ¥ R
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Vi’IGURE Bl. ‘MAGNETIC"TAP‘E TRANSPOR_T BREADBOARD \
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| FIGURE A3. PNEUMATIC TEST BAR |
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FIGURE A7. STATIC TEST, PNEUMATIC BAR |
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APPENDIX B

co ,.\I i ~

CONTROL OF FIILM VELOCITY

To achieve the required degree of resolution, it is necessary to
synchronize the film position with the angular position of the scanning
mirror. Two basic techniques of synchronization are available. Omne

approach is to couple the scanner drive directly to the film drive, which

involves the use- of mechanical techniques. The most positive cOuplinq 5 L
method for this approach is a gear drive system. However the noise

spectrum of a gear drive, even of the highest precision quality, is too

o

:disturbing to the overall reéoiution. Ihis has beéh deﬁénstrated'in the
development of high-acéuracf; low distoftion magnétic tape drive systems.
A drive sfstem of lower noisé cha:a;teristids{”such'as the'belt.or
friction wheel type is also unacceptable.- Such'# system éaﬁseSfincreas;
ing power losseg in the coupling and deéreasing accuracy of coupiing as
the power transmitted increases. 'fhis fesuits from the fact that in a
direct drive system it is necessary to supply all the torque required by _

the film drive through the coupling member. If a belt or friction wheel

il

drive systembsiips;'it 1s difficult, if not impossible, to recover the
lost displaéement without reversing the direction of drive and allowing
the driven unit to slip back to the correct position.’

The difficulty in mechanically coupling the scanner drive and the film

pr—— PO il ik [P o o el - el el il bescd

drive is augmented by the camera focal length. Even if a slipless, gearless
drive system could be fabricated, this large distance makes it impossible to
construct practical drive members without intolerable elastic deflections.

These elastic deflections are manifested in inadequate tracking of the

.
>

ﬁ - n’. h Eﬁr s

P
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N

;3 film position with respect to the scanner position, These considerations
EQirtually rule out the possibility of using a mechanical connection between
the scanner drive and the film drive. |
The one alternative is to electrically servé the film position to the
position of the scanner. It is therefore necessary to determine the
possibility of achieving the required accuracy with the available servo

_ equipment.

e e . U U S \ [ -

SN TELPITOS
= o =

A FesoLrsR | | ssacveas
M/’%@?; _ZO THBRANSHNTTER| |77+

} The tracking system 18 shown in block diagram form beléw:

(FEEEFENCE 7O SEBOLVES
= ATCosE B-#£) . B

Lo

A resolver system producgs'an output which is representative of the

omiid

angular misalignment of the scanner position and the film drive roller. At
any instant there is a 1:1 relationship between the scannér position and
the position of the image in the film plane. An evaluation was made to

determine the maximum allowable deviation of the film from this constant

image position as the film and image pass across the exposure slit.
§ . The film travels across the slit at the velocity of 10.26 to 16.99
inchesfsecond. Theiimage velocity and the film velocity must be synchronized

within 0.0045 inch/sécond. For an exposure time of 1/110 second, it is re-

E—.v:,ﬂa

quired that the displacement of the film from ﬁhe image must be kept within:
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(+ 1/110)(4.5 x 103 inch) 2 £ 41.0 x 1075 inch
for the duration of the exposure.

The scanner turns through an angle of:

"=

(max. scan rate)(exposure time) (27.05°/sec.)(1/110 sec.)

e

0.2459 degree.

during the exposure interval.

The scanner is coupled to the transmitter of the resolver system
through a friction drive, having a ratio of 20:1. Therefore, the'gynchro
will turn'through an angle of: _

20(scanner angle) = 20(0.2459°) = 4.92 deérées.

The friction drive ratio‘can deviate from its mean value by ; factor
of 1/20000.. For the synchro angle, this represents a peak deviation 6f
(0.00005)(4.92°) = 2.459 x 1074 degr?e. This peakrdeviation in turn re-
presents an rms deviation of 1.5585 # 10.4 dégree in the synchro shaft
angle.

For the exposure interval, the synchro shaft turns through an angle
of 4.92° or 1.366% of one revolution. The synchro system itsélf introduces
an electricallerror of 2.121 arc minutes rms. The rms error for this por-
tion of a complete revolution is therefore:

(0.01366)(2.121 arc minutes) = 2.898 x lo-zarc minute.

'The total rms error at the output shaft of the synchro is:

\/(’L.aaa.x \0’1\1 + (1738 rco ¥ "54'\1‘

: -1
s 3, 0MYy\o0 ARe MIN.
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The capsﬁan drive roller that meters the film position has a radius
of 1.00 inch and the radial deviation from the mean velue is +0.000010
inch, This represents a deviation of the circumferential position due
to run-out of 2x (¢ 10-6 inch) = £ 62.8 i 10"6 inch, or an rms value of
44,41 x 10-6 inch for a complete revolution of the capstan.

For the exposure interval, the metering reller also turns through an

angle of 4.92° or 1.366% of a complete revolution. The rms error for this

angle is:
(0.01366) (44.41 x 10°® inch) = 6.65 x 107® inch.
Since the output shaft of the synchro system is_coupled directly to
the capstan drive roller, the shaft error will result in a contribution

to circumferential error. This contributive error is:

([ Z029 ¥y, ,0~< RPEESS = -z
//04& 25 % 5555 )/—a BN = B2 X OTC ek

The total circumferential error is:

V (Boce vr0C)P1le.6 500 4) =1l /O

G Lk
The film is driven by the circumference of the drive roller without
slip with the result that:errors in the circumferentiel pgsition”of the
drive roller are equal to erroes in the film position;
As shown above, the exposure interval the film position will have a
deviation from the constant image position of:
11.16 x 10~% tnch rms,
while the requirement for resolution is:
* 41.0 x 1079 inch
or

29.0 x 10°® inch rms.

The requirement is therefore satisfactorily met with a safety factor of

almost three.
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A servo controlled breadboard has been constructed to verify the

above analysis. (See Figures Bl, B2 and B3.) A description of the

breadboard and an analysis of the capability of the instrumentation

follows.
REPORT ON MAGNETIC TAPE TRANSPORT ELECTRONICS
A. OBJECTIVE e

B.

C.

The objective of this task was to develop a breadboard which
would aid in the solution 6f servomechanism proBlems associated with

the film transport system.

CHOICE OF MEDIUM

Magnetic recording tape was chosen as a medium to permit the
recording and playback of electrical signals as a means for deter-
mining the exact behavior of the medium in the system.

Other factors in the choice of magnetic tape are its compact-

ness, low cost, availability and reusability.

DESCRIPTION
Figure B4 is a functional block diagram of the fransport system,
including a mock-up of the scanning mirror and its drive mechanism. |
Refering to Figure B4, a crystal-controlled 100 kc/sec. oscillator
provides a stable reference frequency which is converted to a 50 c.p.8.:
signal by a series of synchronized mult%Vibrators. This signal is
‘amplified by Al and drives the synchronous motor, Ml, at exactly
3000 r.p.m. ‘ |
The ouiput from M1 is applied through speed reducers SRl and
SR2 to drive the mirror mock-up, a flywheel possessing the same

inertia as that of the camera prism.

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2 .
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"~ M2-Gl, speed reducer SR3, and vernier drive platen, PL2.
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The synchro control transmitter, CX, is coupled tovthe mirror
through gearing to establish the correct speed ratio between the
mirror mock-up and the tape transport platens.

Position information is transmitted to the positioﬁ servo-
mechanism consisting of the synchro control transformer CTI, inté-

grating amplifier A4, servo amplifier A3, servo motor-generator

The integrator, A4, is utilized to eliminate the short-term
repetitive errors which are inherent\in synchrés. 'fhis lehg;hens
the response time of thé servomechanism considerably, but is not
detremental to the s&steﬁ>perforﬁaﬁce in ;iew of the fact thaf~there
are no rapid changes in‘scan mirror.velocity.

Generator Gl is used for two functioﬁs. first, its signal is
sumned with the integrated error signal from A4 to velocity damp
M2. Second, its signal commands servo motor M5 through amplifier
A6. With proper adjustment of the gain of A6, motor M5 can be
slaved to motor M2 in a manner such -that M5 will assime the major
portion of thé tape transport load. This permits the position servo
to drive a relatively light load which requires small positional
adjustments, |

Platen PL1 is coupled to PL3 through the mechanical differentia}
Dl. A constant torque is applied to the differential spider by
motor M4 through speed reducer SR5. The differential torques thus
applied tg PLl and PL3 maintain a coﬁstant tape tension between the
two platens without affecting the drive applied to the tape by the

platens. Tension is adjusted manually by means of the variable trans-

former Pl which controls the power applied to M4.

Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2 '
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A tépe tension of 3 ounces at the supply reel is regulated by
means of a movable tension roller which is positioned against the
pull of a 6-oﬁnce constant tension spring. The servomechanism com-
prised of synchro control transformer CT2, éervd amplifier AS,
motor-generator M3-G2,‘gEar t?ain SR4, the supply reel and the tape,

maintaine the temsion roller in position. The control trghsformer

/

is coupled to the tensionf;oller and 18 connected to act as a posi-

tion sensor for the roller.

\

The servomechanism at the tape-up reel is identical to that of

the supply reel.

D. RECORD/PLAYBACK SYSTEM CALCULATION

N

| ' =~ — T
SELOFL AEAL | - | N GBI AELD

— o —f

d = Bistance between center lines of record and play-back

heads, expressed in. inches.

N = Length of one cycle of recorded material, expressed in
inches.

f = Frequency of recorded signal in cps.
V. = Tape velocity in inches/sec.
N o=V /f

Vt = f:‘ A
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With 50 cps applied to synchronus motor.Ml, and a iS:l speed
reduction between the motor and CX, the CX will turn at 50/15 =
3 1/3 rev/sec. The platen will rotate at an identical speed. Witb
a 2" diameter platen, tape speed will be 50/15(2x)= 20.9 in/secf
At f = 5,000 cps, A = 20.9/5000 = .00418 in. Frequency, £, will

be precisely constant at 5,000 cps, but V., will vary due to errors

NOTE: .

in the system, and the amount of variation can be determined by

measuring the variation of A. Let d ; 1.3 in, which is equivalent

to 1.3/.00418 = 31b wavelengths. - Tbeh, if d is adjusted so that
the playback signal is exactly opposite 1n phase to the recotded
signal the two signals msy be observed on the oscilloscope as a
strsight diagonal 1ine.

A change in phase of t 3' will be easy to detect with this
type of scope pattern.

A phase change of 3° would represent a cumulative variation-
in A over a distance of 310 wavelengths of 3°/360° = .0083 wave>
lengths. The average change in A would be .0083/310 which equals

.0027%. It therefore follows that by this technique variations in

‘Vt as small as .0027 or 27 parts per million, may be detected.

If the spacing between the record and playback heads is equal
to a wavelength of the variation in tape velocity nothing
could be detected. This deficiency 18 avoided by testing at

several recorded frequencies which are not related by integral

multiples of 1/2.

"~ Approved For Release 2004/12/22 : CIA-RDP89B00739R000900010001-2
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-~ |. FIGURE B2. MAGNETIC TAPE TRANSPORT BREADBOARD i«
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FIGURE B3. ' MAGNETIC TAPE TRANSPORT BREADBOARD
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COMPONENT D JONS

: ﬂguro B4
Reference
Designation Description
Al 'Synchronous Motor Driver Amplifier; 37-67 c.p.s.;
_ 130_ wvolt, 16 watt output
Y Mixer Amplifier
A3, AS, AS, A7 Bam Azplifier and Pruupl_l;ur Mixer; -
| 9 watt output \

M Intogntor; mzoxinuly 0.5 uma time mntmt
i\ Synchtonoul Hntor; zzzbiazzo F.po. -
nz-cl 8ize 18 !btor Guerntot, | ’

M3-G2, M6-G3 Size 15 Motor Genetatpq
_!14-)!5 Size 18 }btﬁr ‘
cx | Synchro Control Transmitter
:c’n, cr2, CT3 Synchro Control Transfo;uer
| SR1 Spe?Q Reducer, _hiqtt&ﬁél
8R2 Spe'ed Reducer, Précﬁﬁiﬁ, 3 Gears

SR4, SR7

- o

PL1, PL3
PL2

Pl

SR3, 8RS, SR6

Speed Reducer, Belt ﬁﬁre
Speed Reducer, Gea:f_g; A
Friction Difierenti-a'l
Main Drive ?lu@ |
Vernier Platen

Variable Voltage Transformer

oty V-
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